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(54) SIGNAL MODULATOR AND RECEIVING CONTROL METHOD FOR THE SIGNAL MODULATOR

(57) When the control of synchronization performed
in the radio wave receiver is started, the phase detec-
tion section 6' calculates the phases by use of the
detected phase data input from the discrete Fourier
transform section 5, the dispersion detection section 11
converts the phase from the phase detection section 6'
into phase errors, and the signal quality judging section
12 judges the dispersed state of the phase errors.
Thereafter, when the quality judging section 12 checks
whether there is a dispersion, and judges that it is posi-

tive, then it instructs a certain correction control amount
(for example π/2) to the oscillator control section 8,
whereas when it judges that there is no dispersion, then
it instructs no correction control (step ST16). Finally, the
oscillator control section 8 terminates the control of the
synchronization depending on whether there is an
instruction of correction control from the dispersion
detection section 11.
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Description

BACKGROUND OF THE INVENTION

Technical Field

[0001] The present invention relates to a signal
decoding device which is capable of correctly receiving
carrier waves necessary for modulated signals such as
OFDM (Orthogonal Frequency Division Multiplex) sig-
nals configured by a plurality of sub-carriers in a good
state, yet without getting into a false locked phenome-
non, and also relates to a method of controlling the
reception of modulated signals by use of the signal
decoding device.

Background Art

[0002] Fig. 14 is a schematic diagram showing a
conventional signal decoding device, which is used for
correctly and excellently receiving carrier waves (or may
be referred to just as "carriers" hereinafter) necessary
for decoding modulated signals configured by a plurality
of sub - carriers; specifically for receiving DAB (Digital
Audio Broadcasting) signals modulated by the OFDM
modulation method. In the figure, reference numeral 2
denotes a tuner that converts a radio wave received
through a receiving antenna 1 into a signal of the
medium frequency band, numeral 4 denotes an IQ gen-
erator section that divides a digital data, which is gener-
ated in and fed from an A/D converter 3, into an I signal
component (real-number unit) and a Q signal compo-
nent (imaginary-number unit), and numeral 5 denotes a
discrete Fourier transform section that carries out Fou-
rier transformation to these I and Q signal components
so as to modulate a time-mode signal to a frequency-
mode signal.
[0003] Further, reference numeral 6 denotes a dif-
ferential coding section that calculates the difference
between the phase of a carrier configuring the OFDM
signal and the phase of the carrier which is one OFDM
symbol before that phase from the modulated I signal
component data and the Q signal component data as to
all the carriers, numeral 7 denotes a clock reproduction
section that detects and corrects a timing discrepancy
of the synchronization between the transmission side
and the reception side, so as to reproduce clock signals
without any discrepancy in the synchronization, and
controls the A/D converter 3, the IQ generator section 4,
the discrete Fourier transform section 5 and the differ-
ential coding section 6. Reference numeral 8 denotes
an oscillator control section that controls a local oscilla-
tor 9 to vary the oscillation frequency in accordance with
the phase difference of the carrier, numeral 10 denotes
a phase comparator for controlling the tuner 2 so as to
equalize the oscillation frequency of the local oscillator
9 and that of a local oscillator contained in the tuner 2.
[0004] Fig. 15 is an illustration that represents 4 val-

ues transmitted in the QPSK (Quadrature Phase Shift
Keying) modulation mode, and Fig. 16 is an illustration
indicating the state that a carrier has been advanced for
π/2 in the QPSK modulation mode. The modulating
method of carriers employed in the DAB is of the
DQPSK (Differential Quadrature Phase Shift Keying)
modulation, whereby the carriers can be represented in
digital values; namely I signal component and Q signal
component by carrying out the Fourier transformation,
and if, as shown in Fig. 15, the axis of abscissa indi-
cates the I signal component, and that of ordinates indi-
cates the Q component, the 4 values (I,Q) can be
represented as (0,0), (0,1), (1,0) and (1,1), respectively.
That is, the phase error becomes zero at these 4 points.

[0005] At this tine, if for example, as shown in Fig.
16, the data that has to take the value (I,Q) = (0,0) is
shifted for π/2 phase, it coincides with the value (I,Q) =
(0,1), and on this occasion the differential coding sec-
tion 6 judges that there is no discrepancy in phase, in
spite of the fact that the data has been shifted for π/2
phase.
[0006] The operation of the conventional signal
decoding device is as follows.
[0007] Fig. 17 is a flow chart showing an exemplary
case of the control operation for receiving the DAB sig-
nals in the conventional signal decoding device.
[0008] When the control of synchronization per-
formed in the radio wave signal receiver is started, the
differential coding section 6 judges the phase difference
by use of the detected phase data input from the dis-
crete Fourier transform section 5 (step ST1), and when
it judges that the phase error is π/8 (step ST2), then it
outputs a data corresponding to the correction of π/8 to
the oscillator control section 8. Thereafter, the oscillator
control section 8 controls the local oscillator 9 to carry
out synchronization on the basis of the data corre-
sponding to the correction of π/8 (step ST3), and then
terminates the control operation. By carrying out these
steps at predetermined periods, the signal reception in
good condition can be obtained.
[0009] However, if the phase error judged in step
ST2 by use of the detected phase data is π/2, the
detected phase data coincides with the next value of the
4 values {(I,Q) = (0,0), (0,1), (1,0), (1,1)}, and thus it is
erroneously judged that it is in the synchronized state,
so that the differential coding section 6 does not instruct
any correction control. For this reason, the oscillator
control section 8 does not perform any correction con-
trol of the local oscillator 9, and thus terminates the con-
trol operation erroneously. The erroneous judgment is
referred to as a "false lock" hereinafter.
[0010] Consequently, when there is a phase dis-
crepancy of a carrier for + π/2 for some reason or other
during the control operation of the carrier synchroniza-
tion, the conventional DAB signal receiver 2 would judge
that there has been no phase discrepancy.
[0011] Since the conventional signal decoding
device and a method of controlling the signal reception
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implemented therein are constructed as such, when a
signal including a phase error that could cause the false
lock is received, there has been caused such a problem
that the signal decoding device could not properly
receive the modulated signal without error.

[0012] The present invention has been proposed to
solve the problems aforementioned, and it is an object
of the present invention to provide a signal decoding
device which is capable of correctly receiving carriers
necessary for PFDM modulated signals in a good state,
yet without getting into the false locked state, and also a
method of controlling the signal reception implemented
therein.

DISCLOSURE OF THE INVENTION

[0013] In order to achieve the above object, the sig-
nal decoding device according to the present invention
is constructed in such a manner as to calculate phase
errors from detected phases, detect the dispersed state
of the thus calculated phase errors, judge whether or
not the decoded signal is of good quality from the
detected dispersed state of the phase errors, and output
the result of judgment to the oscillator control section.
[0014] Due to this, by referring the dispersed state
output from the dispersion detection section to the rela-
tion between the phase errors and the dispersion
thereof in the signal quality judging section so as to
judge the signal quality, such an effect can be efficiently
obtained that carrier waves required for phase-modu-
lated broadcast signals such as OFDM signals config-
ured by a plurality of sub-carriers can be correctly
received in a good state, yet without getting into a false
locked phenomenon.
[0015] The signal decoding device according to the
present invention is constructed in such a manner as to
calculate phase errors from the calculated phase differ-
ences, detect the dispersed state of the thus calculated
phase errors, judge whether or not the decoded signal
is of good quality from the detected dispersed state of
the phase errors, and output the result of judgment to
the oscillator control section.
[0016] Due to this, by referring the dispersed state
output from the dispersion detection section to the rela-
tion between the phase errors and the dispersion
thereof in the signal quality judging section so as to
judge the signal quality, such an effect can be efficiently
obtained that carrier waves required for differential
phase-modulated broadcast signals such as OFDM sig-
nals configured by a plurality of sub-carriers can be cor-
rectly received in a good state, yet without getting into a
false locked phenomenon.
[0017] The signal decoding device according to the
present invention is constructed in such a manner as to
calculate phase errors from the calculated phase differ-
ences, detect the dispersed state of the thus calculated
phase errors in a stepwise manner, judge in a stepwise
manner whether or not the decoded signal is of good

quality from the detected stepwise dispersed state of
the phase errors, output the judgment result, vary the
control amount in a stepwise manner in accordance
with the judged stepwise qualities when calculating the
control amount from the mean value of the phase
errors, and vary the oscillation frequency of a local oscil-
lator on the basis of this control amount

[0018] Due to this, the signal receiving device can
be efficiently controlled by judging the signal quality in a
stepwise manner in accordance with the dispersed
state of the detected phase errors, and by controlling in
a stepwise manner the frequency and the phase of a
local oscillation signal used for decoding operation.
[0019] The signal decoding device according to the
present invention is constructed in such a manner as to
feed, for carrying out an audio control, the judgment
result of the dispersed state detected in a stepwise
manner to an audio control section, which in turn deter-
mines a muting amount in accordance with the detec-
tion result of the stepwise dispersed state.
[0020] Due to this, the signal quality is judged in a
stepwise manner in accordance with the dispersed
state of the detected phase errors, and the muting
amount is controlled on the basis of the result of the
judgment, so that such an effect can be obtained that a
queer sound generated in accordance with the deterio-
ration of the decoded signal is suppressed.
[0021] The signal decoding device according to the
present invention is constructed in such a manner that
the audio control section determines the control amount
of high-pitch tone from the stepwise detection result of
the dispersed state,
[0022] Due to this, such an effect can be obtained
that a queer sound generated in accordance with the
deterioration of the decoded signal is suppressed.
[0023] The method of controlling the signal recep-
tion in the signal decoding device according to the
present invention is arranged in such a manner as to
calculate phase errors from the calculated phase differ-
ences, detect the dispersed state of the thus calculated
phase errors, judge whether or not the decoded signal
is of good quality from the detected dispersed state of
the phase errors, and output the result of judgment to
the oscillator control section.
[0024] Due to this, by referring the dispersed state
output from the dispersion detection section to the rela-
tion between the phase errors and the dispersion
thereof so as to judge the signal quality, such an effect
can be efficiently obtained that carrier waves required
for the OFDM signals configured by a plurality of sub-
carriers can be correctly received in a good state, yet
without getting into a false locked phenomenon.
[0025] The method of controlling the signal recep-
tion in the decoding device according to the present
invention is arranged in such a manner as to calculate
phase errors from the calculated phase differences,
detect the dispersed state of the thus calculated phase
errors in a stepwise manner, judge in a stepwise man-
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ner whether or not the decoded signal is of good quality
from the detected dispersed state of the phase errors,
output the judgment result, vary the control amount in a
stepwise manner in accordance with the judged step-
wise qualities when calculating the control amount from
the mean value of the phase errors, and vary the oscil-
lation frequency of a local oscillator on the basis of the
control amount.

[0026] Due to this, the signal receiving device can
be controlled more efficiently by judging the signal qual-
ity in a stepwise manner in accordance with the dis-
persed state of the detected phase errors, and by
controlling in a stepwise manner the frequency and the
phase of a local oscillation signal used for decoding
operation.
[0027] The method of controlling the signal recep-
tion in the signal decoding device according to the
present invention is arranged in such a manner as to
feed, for carrying put an audio control, the judgment
result of the dispersed state detected in a stepwise
manner to an audio control section; which in turn deter-
mines a muting amount in accordance with the detec-
tion result of the stepwise dispersed state.
[0028] Due to this, the signal quality is judged in a
stepwise manner in accordance with the dispersed
state of the detected phase errors, and the muting
amount is controlled on the basis of the result of the
judgment, so that such an effect can be acquired that a
queer sound generated in accordance with the deterio-
ration of the decoded signal is suppressed.
[0029] The control method of signal reception in the
signal decoding device according to the present inven-
tion is arranged in such a manner that the audio control
section determines the control amount of high-pitch
tone from the stepwise detection result of the dispersed
state,
[0030] Due to this, such an effect can be acquired
that a queer sound generated in accordance with the
deterioration of the decoded signal is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1 is a schematic diagram showing a signal
decoding device according to a first embodiment of
the present invention.
Fig. 2 is a flow chart showing an exemplary case of
the control operation for receiving the DAB signals
carried out in the signal decoding device according
to the first embodiment of the present invention.
Fig. 3 is an illustration showing the dispersion of
detected phase errors in the case where the level of
discrepancy is small in the signal decoding device
according to the first embodiment of the present
invention.
Fig. 4 is an illustration showing the dispersion of
detected phase errors in the case where the level of

discrepancy is greater than the case of Fig. 3 in the
signal decoding device according to the first
embodiment of the present invention.

Fig. 5 is an illustration showing the dispersion of
detected phase errors in the case where the level of
discrepancy is further greater than the case of Fig.
4 in the signal decoding device according to the first
embodiment of the present invention.
Fig. 6 is an illustration showing the relation between
the level of discrepancy end detected phase errors
in the signal decoding device according to the
present invention.
Fig. 7 is a schematic diagram showing a signal
decoding device according to a second embodi-
ment of the present invention
Fig. 8 is a flow chart showing an exemplary case of
the control operation for receiving the DAB signals
in the signal decoding device according to the sec-
ond embodiment of the present invention.
Fig. 9 is a schematic diagram showing a signal
decoding device according to a third embodiment of
the present invention
Fig. 10 is a flow chart showing an exemplary case
of the control operation for receiving the DAB sig-
nals in the signal decoding device according to the
third embodiment of the present invention.
Fig. 11 is a schematic diagram showing a signal
decoding device according to a fourth embodiment
of the present invention
Fig. 12 is a flow chart showing an exemplary case
of the control operation for receiving the DAB sig-
nals in the signal decoding device according to the
fourth embodiment of the present invention.
Fig. 13 is a flow chart showing an exemplary case
of the control operation for receiving the DAB sig-
nals in the signal decoding device according to the
fifth embodiment of the present invention.
Fig. 14 is a schematic diagram showing a conven-
tional signal decoding device.
Fig. 15 is an illustration representing 4 values trans-
mitted in the QPSK modulation mode.
Fig. 16 is an illustration showing the state in which
a carrier has been advanced for π/2 in the QPSK
modulation mode.
Fig. 17 is a flow chart showing an exemplary case
of the control operation for receiving the DAB sig-
nals in the conventional signal decoding device.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] Several embodiments for carrying out best
the present invention are now explained with reference
to attached drawings, in order to explain the present
invention to details.

[First Embodiment]

[0033] Fig. 1 is a schematic diagram showing a sig-
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nal decoding device according to a first embodiment of
the present invention. In the figure, reference numeral 2
denotes a tuner that converts a radio wave received
through a receiving antenna 1 into a signal of the
medium frequency band, numeral 4 denotes an IQ gen-
erator section that divides a digital data, which is gener-
ated in and fed from an A/D converter 3, into an I signal
component (real-number unit) and a Q signal compo-
nent (imaginary-number unit), and numeral 5 denotes a
discrete Fourier transform section that carries out Fou-
rier transformation to these I and Q signal components
so as to modulate a time-mode signal to a frequency-
mode signal. Reference numeral 6' denotes a phase
detection section that detects the phase of all the carri-
ers configuring OFDM signals from the frequency-mod-
ulated I component data and Q component data,
numeral 7 denotes a clock reproduction section that
detects and corrects a timing discrepancy of the syn-
chronization between the transmission side and the
reception side, so as to reproduce clock signals without
any discrepancy in the synchronization, and controls
the A/D converter 3, the IQ generator section 4, the dis-
crete Fourier transform section 5 and the phase detec-
tion section 6'.

[0034] Further, reference numeral 8 denotes an
oscillator control section that controls a local oscillator 9
to vary the oscillation frequency in accordance with the
phase of the carrier output from the phase detection
section 6'. When the oscillator control section 8 calcu-
lates a control amount from the mean value of phase
errors, it varies the control amount in accordance with
the signal quality judged in the signal quality judging
section 12. For example, when it is judged in the signal
quality judging section 12 that the signal is of good qual-
ity, the oscillator control section 8 applies a control
amount calculated from the mean value of the phase
errors, or otherwise it applies a predetermined control
amount (for example an mount corresponding to π/2)
irrespective of the control amount calculated from the
mean value of the phase errors. Thereafter, the oscilla-
tion frequency of the local oscillator 9 is varied in
accordance with the control amount fed from the oscilla-
tor control section 8.
[0035] Reference numeral 10 denotes a phase
comparator for controlling the tuner 2 to equalize the
oscillation frequency of the local oscillator 9 and that of
a local oscillator contained in the tuner 2, numeral 11
denotes a dispersion detection section that detects the
dispersed state of the phase errors, which are obtained
from the phases calculated beforehand, and numeral 12
denotes a signal quality judging section 12 that judges
the quality of the decoded signal on the basis of the dis-
persed state detected in the dispersion detection sec-
tion 11, and outputs the result of the judgment to the
oscillator control section 8.
[0036] The operation of the signal decoding device
according to the first embodiment of the present inven-
tion is as follows.

[0037] Fig. 2 is a flow chart showing an exemplary
case of the control operation for receiving the DAB sig-
nals in the signal decoding device according to this
embodiment.

[0038] When the control of synchronization per-
formed in the radio wave receiver is started, the phase
detection section 6' calculates the phase by use of the
detected phase data input from the discrete Fourier
transform section 5 (step ST11), the dispersion detec-
tion section 11 converts the phase fed from the phase
detection section 6' into phase errors (step ST12), and
the signal quality judging section 12 judges the dis-
persed state of the phase errors (step ST13).
[0039] Thereafter, when the quality judging section
12 checks whether there is a dispersion (step ST14),
and judges that it is positive, then it instructs a certain
correction control amount (for example π/2) to the oscil-
lator control section 8 (step ST15), whereas when it
judges that there is no dispersion, then it instructs no
correction control (step ST16). Finally, the oscillator
control section 8 terminates the control of the synchro-
nization depending on whether there is an instruction of
correction control from the dispersion detection section
11 (step ST17). By carrying out these steps at predeter-
mined periods, the signal reception in good condition
can be obtained.
[0040] Fig. 3 is an illustration showing the disper-
sion of detected errors in the case where the level of dis-
crepancy is small in the signal decoding device
according to the first embodiment of the present inven-
tion, Fig. 4 is an illustration showing the dispersion of
detected phase errors in the case where the level of dis-
crepancy is greater than the case of Fig. 3 in the signal
decoding device according to the first embodiment of
the present invention, Fig. 5 is an illustration showing
the dispersion of detected phase errors in the case
where the level of discrepancy is further greater than
the case of Fig. 4 in the signal decoding device accord-
ing to the first embodiment of the present invention, and
Fig. 6 is an illustration showing the relation between the
level of discrepancy and the detected phase errors in
the signal decoding device according to the first embod-
iment of the present invention.
[0041] When the discrepancy level of the frequency
of the transmission side and that of the reception side is
small in the case that OFDM modulation signal is trans-
mitted in compliance with the DAB standard, the
detected phase errors depicted per each sampling will
be as shown in Fig. 3. Similarly, the case in which the
level of discrepancy is greater, and the case in which the
level of discrepancy is smaller are as shown in Figs. 4
and 5, respectively, so that the relation between the
detected phase errors and the dispersion thereof in the
signal decoding device according to the present inven-
tion will be as shown in Fig. 6. By use of this relation-
ship, the signal quality can be judged from the
dispersed state of the phase errors. For example, when
the dispersion is greater than the point b in Fig. 6, it can
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be judged that the absolute value of the discrepancy is
large, so that it can be judged that the signal quality is
not good, whereas in the case of the range between a
and b, it can be judged that the signal is of good quality.

[0042] As explained above, according to the first
embodiment, when the signal quality judging section 12
compares the dispersed state input from The dispersion
detection section 11 to the relation between the phase
errors and the dispersion thereof, it can judge the signal
quality, so that in the case where phase-modulated sig-
nals such as OFDM signals configured by a plurality of
carriers are to be received, carriers necessary for those
signals can be correctly received in a good state, yet
without getting into a false locked state.

[Second Embodiment]

[0043] Fig. 7 is a schematic diagram showing a sig-
nal decoding device according to a second embodiment
of the present invention.
[0044] For example, it shows a configuration exam-
ple of a receiving device for receiving OFDM modulation
signals transmitted in compliance with the DAB stand-
ard. In the figure, as the same reference numerals as
those in the first embodiment indicate the same or simi-
lar portions, the explanation thereabout is omitted. Ref-
erence numeral 13 denotes a differential coding section
that calculates the difference between the phase of a
carrier configuring the OFDM signal and the phase of
the carrier which is one OFDM-symbol before that
phase from the I component data and Q component
data which are frequency modulated in the discrete
Fourier transform section 5 as to all the carriers, refer-
ence numeral 8 denotes an oscillator control section
that controls a local oscillator 9 to vary the oscillation
frequency in accordance with the phase difference of
the carrier, and calculates a control amount from the
mean value of the phase errors. Further, reference
numeral 11 denotes a dispersion detection section that
detects the dispersed state of the phase errors, which
are obtained from the phases calculated beforehand,
and all other portions operate just as those in the first
embodiment.
[0045] The operation of the signal decoding device
according to the second embodiment of the present
invention is as follows.
[0046] Fig. 8 is a flow chart showing an exemplary
case of the control operation for receiving the DAB sig-
nals in the signal decoding device according to this
embodiment.
[0047] When the control of synchronization per-
formed in the signal receiver is started, the differential
coding section 13 calculates the phase difference by
use of the detected phase data input from the discrete
Fourier transform section 5 (step ST21), the dispersion
detection section 11 converts the phase difference from
the differential coding section 13 into phase errors (step
ST22), and the signal quality judging section 12 judges

the dispersed state of the phase errors (step ST23).

[0048] Thereafter, when the signal quality judging
section 12 checks whether there is a dispersion (step
ST24), and judges that it is positive, then it instructs a
certain correction control amount (for example π/2) to
the oscillator control section 8 (step ST25), whereas
when it judges that there is no dispersion, then it
instructs no correction control (step ST26). Finally, the
oscillator control section 8 terminates the control of the
synchronization depending on whether there is an
instruction of correction control from the dispersion
detection section 11 (step ST27). By carrying out these
steps at predetermined periods, the signal reception in
good condition can be obtained.
[0049] As explained above, according to the second
embodiment, when the signal quality judging section 12
compares the dispersed state input from the dispersion
detection section 11 to the relation between the phase
errors and the aspersion thereof, it can judge the signal
quality, so that in the case where differential phase-
modulated broadcast signals such as OFDM signals
configured by a plurality of carriers are to be received,
carriers necessary for those signals can be correctly
received in a good state without getting into a false
locked state.

[Third Embodiment]

[0050] Fig. 9 is a schematic diagram showing a sig-
nal decoding device according to a third embodiment of
the present invention.
[0051] For example, it shows a configuration exam-
ple of a receiving device for receiving OFDM modulation
signals transmitted in compliance with the DAB stand-
ard. In the figure, as the same reference numerals as
those in the first and second embodiments indicate the
same or similar portions, the explanation thereabout is
omitted. Reference numeral 14 denotes a stepwise dis-
persion detection section that detects in a stepwise
manner the dispersed state of the phase errors, which
are calculated from the phase difference obtained in the
differential coding section 13, and numeral 18 denotes a
stepwise signal quality judging section that judges the
quality of the decoded signal on the basis of the dis-
persed state detected in the dispersion detection sec-
tion 14 in a stepwise manner, and outputs the result of
the judgment to the stepwise oscillator control section
19.
[0052] Although the stepwise oscillator control sec-
tion 19 calculates a control amount from the mean value
of the phase errors, in this case, it is a stepwise oscilla-
tor control section that varies the control amount in a
stepwise manner in accordance with the signal quality
of the signal judged in the stepwise signal quality judg-
ing section 18, and it varies the oscillation frequency of
the local oscillator 9 in accordance with the control
amount fed from the stepwise oscillator control section
19.
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[0053] The phase comparator 10 controls the tuner
2 so as to equalize the oscillation frequency of the local
oscillator 9 and that of a local oscillator contained in the
tuner 2.

[0054] The operation of the signal decoding device
according to the third embodiment of the present inven-
tion is as follows.
[0055] Fig. 10 is a flow chart showing an exemplary
case of the control operation for receiving the DAB sig-
nals in the signal decoding device according to this
embodiment.
[0056] When the control of synchronization per-
formed in the signal receiver is started, the differential
coding section 13 calculates the phase difference by
use of the detected phase data input from the discrete
Fourier transform section 5 (step ST31), the stepwise
dispersion detection section 14 converts the phase dif-
ference from the differential coding section 13 (step
ST32) into phase errors, and the stepwise signal quality
judging section 18 judges the dispersed state of the
phase errors (step ST33) in a stepwise manner. There-
after, when the stepwise signal quality judging section
18 checks whether there is a large dispersion (step
ST34), and judges that it is positive, then it instructs a
certain correction control amount (for example π/2) to
the stepwise oscillator control section 19 (step ST35).
[0057] On the other hand, when it judges that the
dispersion therein is not large, but of the intermediate
level, then it instructs a certain correction control
amount which is different from the that of the case of a
large dispersion, for example an amount that corre-
sponds to π/4, to the stepwise oscillator control section
19 (step ST37), and further, when it judges that the dis-
persion therein is small in step ST36, then it instructs no
correction control to the stepwise oscillator control sec-
tion 19 (step ST38). Finally, the stepwise oscillator con-
trol section 19 terminates the control of the
synchronization depending on whether there is an
instruction of correction control from the stepwise dis-
persion detection section 14 (step ST39). By carrying
out these steps at predetermined periods, the signal
reception in good condition can be obtained.
[0058] The relation between the detected phase
errors and the dispersion thereof will be as shown in
Fig. 6 as indicated by the first embodiment, wherein the
stepwise dispersion detection section 14 detects
whether the dispersion is in such a sate, as shown in
Fig. 4, that the detected phase errors largely disperse
equally to the positive and negative sides from the
respective broken lines, or whether in such a state as
shown in Fig. 5 that some of those are smaller than the
broken lines equally to the both positive and negative
sides, or tether in such a state as shown in Fig. 3 that
there is no dispersion thereof. In other words, the step-
wise dispersion detection section 14 determines in a
stepwise manner by judging in which one of the points a
to c of Fig. 6 the dispserion resides.
[0059] The stepwise signal quality judging section

18 judges the signal quality in a stepwise manner in
accordance with the result of the stepwise detection of
the dispersed state. For example, in Fig. 6, the dis-
persed state at the point a indicates that the signal qual-
ity is good, at c indicates that the phase error is quite
large and thus the signal quality is bad, and at b indi-
cates that the signal quality is in the intermediate level.

[0060] The stepwise oscillator control section 19
varies the control amount in a stepwise manner on the
basis of the signal quality judged in a stepwise manner.
For example, it varies the control amount either to a
control amount calculated based on the mean value of
the phase errors, to a certain control amount (corre-
sponding to π/2 for example), or to a half that amount
(corresponding to π/4 for example).
[0061] As explained above, the signal quality is
judged in a stepwise manner on the basis of the dis-
persed state of the detected phase errors according to
the third embodiment, and the frequency and phase of
the local oscillation signal used for signal decoding
operation are controlled in different stages, so that the
control of the receiving device can be more efficiently
carried out than the second embodiment.

[Fourth Embodiment]

[0062] Fig. 11 is a schematic diagram showing a
signal decoding device according to a fourth embodi-
ment of the present invention, and for example, it shows
a configuration example of a receiving device for receiv-
ing OFDM modulation signals transmitted in compliance
with the DAB standard. In the figure, as the same refer-
ence numerals as those in the first, second and third
embodiments indicate the same or similar portions; the
explanation thereabout is omitted. The result of detec-
tion of the dispersed state detected in the stepwise dis-
persion detection section 17 in a stepwise manner is
input to an audio control section 15, and the muting
amount can be determined in the audio control section
15 in accordance with the detection result of the dis-
persed state. For example, the audio control can be per-
formed in such a manner as to carry out sating
operation only when there is dispersion as shown in Fig.
5.
[0063] The operation of the signal decoding device
according to the forth embodiment of the present inven-
tion is as follows.
[0064] Fig. 12 is a flow chart showing an exemplary
case of the control operation for receiving the DAB sig-
nals in the signal decoding device according to this
embodiment.
[0065] When the control of synchronization per-
formed in the signal receiver is started, the differential
coding section 13 calculates the phase difference by
use of the detected phase data input from the discrete
Fourier transform section 5 (step ST41), the stepwise
dispersion detection section 17 converts the phase dif-
ference from the differential coding section 13 (step
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ST42) into phase errors, and the stepwise signal quality
judging section 18 judges the dispersed state of the
phase errors (step ST43) in a stepwise manner. There-
after, when the stepwise signal quality judging section
18 checks whether there is a large dispersion (step
ST44), and judges that there is a large dispersion, then
it controls the muting amount to fully reduce the acous-
tic volume with respect to the audio control section (step
ST45).

[0066] On the other hand, when it is judged in step
ST44 that the dispersion therein is not large, but of the
intermediate level (step ST46), then the acoustic vol-
ume will not be fully reduced, but for a certain amount
(step ST47), whereas when it is judged that there is no
dispersion, then no muting control is performed (step
ST48), and the volume control is terminated. By carry-
ing out these steps at predetermined periods, a queer
sound generated in accordance with the deterioration of
the decoded signal can be sufficiently suppressed.
[0067] As explained above, according to the fourth
embodiment, the signal quality is judged in a stepwise
manner in accordance with the dispersed state of the
detected phase errors, and the muting amount is con-
trolled on the basis of the result of the judgment, so that
such an effect can be obtained that a queer sound gen-
erated in accordance with the deterioration of the
decoded signal is suppressed.

[Fifth Embodiment]

[0068] Since the construction of the fifth embodi-
ment of the present invention is same as that of the
fourth embodiment, explanation thereof is omitted here.
Further, as the same reference numerals as those in the
first to the fourth embodiments indicate the same or
similar portions, the explanation thereabout is omitted.
The result of the detection of the dispersed state
detected in the stepwise dispersion detection section 17
in a stepwise manner is input to the audio control sec-
tion 15, and the audio control section 15 determines a
control amount of high-pitch tone (high-cut amount) in
accordance with the detection result of the dispersed
state in different stages, so as to perform an audio con-
trol.
[0069] The operation of the signal decoding device
according to the fourth embodiment of the present
invention is as follows.
[0070] Fig. 13 is a flow chart showing an exemplary
case of the control operation for receiving the DAB sig-
nals in the signal decoding device according to this
embodiment.
[0071] When the control of synchronization per-
formed in the signal receiver is started, the differential
coding section 13 calculates the phase difference by
use of the detected phase data input from the discrete
Fourier transform section 5 (step ST51), the stepwise
dispersion detection section 17 converts the phase dif-
ference from the differential coding section 13 (step

ST52) into phase errors, and the stepwise signal quality
judging section 18 judges the dispersed state of the
phase errors (step ST53) in a stepwise manner. There-
after, when the stepwise signal quality judging section
18 checks tether there is a large dispersion (step ST54)
and judges that there is a large dispersion, then it con-
trols to fully reduce the high-pitch tone with respect to
the audio control section (step ST55).

[0072] On the other hand, when it is judged in step
ST54 that the dispersion therein is not large, but of the
intermediate level (step ST56), then the high-pitch tone
is reduced for a certain amount (step ST57), whereas
when it is judged that there is no dispersion in step
ST56, then no muting control is performed with respect
to the audio control section 15 (step ST58), and the con-
trol of high-cut amount is terminated. By carrying out
these steps at predetermined periods. a queer sound
generated in accordance with the deterioration of the
decoded signal can be suppressed without muting the
sound.
[0073] As explained above, according to the fifth
embodiment, the signal quality is judged in a stepwise
manner in accordance with the dispersed state of the
detected phase errors, and the muting of the high-pitch
tone is controlled based on the result of the judgment,
so that such an effect can be acquired that a queer
sound generated in accordance with the deterioration of
the decoded signal is suppressed without muting the
sound.

Industrial Applicability

[0074] As explained heretofore, the signal decoding
device and the method of controlling the signal recep-
tion by use of the signal decoding device according to
the present invention are applicable to a signal decod-
ing device and a method of controlling the signal recep-
tion therein, which requires ability to correctly receive
carriers necessary for transmitting modulated signals
such as OFDM signals configured by a plurality of sub-
carriers in a good state, yet without getting into a false
locked state.

Claims

1. A signal decoding device comprising:

a tuner that converts a transmitted radio wave
into a signal of predetermined medium fre-
quency band,
an IQ generator section that converts the data
converted by said tuner into a digital data, and
divides said digital data into a real-number sig-
nal component and an imaginary-number sig-
nal component,
a discrete Fourier transform section that per-
forms Fourier transformation to the real-
number signal component and the imaginary-
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number signal component generated in said IQ
generator section so as to modulate a time-
mode signal to a frequency-mode signal,

a phase detection section that detects and out-
puts the phases of a predetermined carrier, on
the basis of the real-number signal component
data and the imaginary-number signal compo-
nent data transformed by said discrete Fourier
transform section,
a dispersion detection section that calculates
phase errors from the phases detected in said
phase detection section, and detects the dis-
persed state of the phase errors, and
a signal quality judging section that judges the
quality of the decoded signal on the basis of the
dispersed state of the phase errors detected in
said dispersion detection section.

2. A signal decoding device according to claim 1,
wherein said phase detection section is enabled to
adopt phase differences of all carriers configuring a
broadcast signal, by substituting said phase detec-
tion section with a differential coding section that
calculates and outputs the phase difference
between the phase of a carrier and that of the car-
rier which is one symbol before that phase on the
basis of the frequency-modulated real-number sig-
nal component data and imaginary-number signal
component data.

3. A signal decoding device according to claim 1 fur-
ther comprising:

an oscillator control section that controls a local
oscillator in accordance with the phase differ-
ence of the carrier calculated by said differen-
tial coding section, and varies the oscillation
frequency, and
a phase comparator that controls said tuner so
as to equalize the oscillation frequency of said
local oscillator controlled by said oscillator con-
trol section and that of a local oscillator con-
tained in said tuner, wherein
said signal quality judging section outputs the
resultant value of the judgment to said oscilla-
tor control section.

4. A signal decoding device according to claim 1,
wherein said dispersion detection section detects in
a stepwise manner the dispersed state of the phase
errors, which are calculated from the phase differ-
ence calculated in said differential coding section,
and

said signal quality judging section judges the
quality of the decoded signal in a stepwise
manner on the basis of the stepwise dispersed
states of the phase errors detected in said dis-

persion detection section, and

when said oscillator control section calculates
a control amount from the mean value of said
phase errors, it changes the control amount in
a stepwise manner on the basis of the resultant
stepwise qualities of the judgment performed in
said signal quality judging section, and varies
the oscillation frequency of said local oscillator
by this control amount.

5. A signal decoding device according to claim 1,
wherein said dispersion detection section outputs
the detection result of the dispersed state detected
in a stepwise manner to an audio control section,
and said audio control section determines the mut-
ing amount in accordance with the detection result
of the stepwise dispersed state so as to perform an
audio control.

6. A signal decoding device according to claim 1,
wherein said dispersion detection section outputs
the detection result of the dispersed state detected
in a stepwise manner to an audio control section,
and said audio control section determines a control
amount of high-pitch tone in accordance with the
detection result of the stepwise dispersed states so
as to perform an audio control.

7. A method of controlling the reception in a signal
decoding device, said signal including a broadcast
signal, comprising the steps of:

converting a radio wave captured by an
antenna into a signal of medium frequency
band,
forming this converted signal of medium fre-
quency band into a digital data,
dividing the digital data into a real-number sig-
nal component and an imaginary-number sig-
nal component,
performing discrete Fourier transformation to
the generated real-number signal component
and the imaginary-number signal component,
modulating a time-mode signal into a fre-
quency-mode signal,
detecting and outputting the phases of a car-
rier, as to all the carriers configuring the broad-
cast signal from the frequency-modulated real-
number signal component data and the imagi-
nary-number signal component data,
controlling a local oscillator by an oscillator
control section to vary the oscillation frequency,
on the basis of the phases of this carrier, and
controlling the tuner for equalizing the oscilla-
tion frequency of the thus controlled local oscil-
lator and that of a local oscillator contained in
the timer,
wherein said method further comprises the
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steps of:

calculating phase errors from the detected
phases, detecting the dispersed state of the
calculated phase errors, judging the signal
quality of the decoded signal from the detected
dispersed state of the phase errors, and out-
putting the judgement result to said oscillator
control section.

8. A method of controlling the signal reception in a sig-
nal decoding device comprising the steps of:

outputting the phase differences between the
phase of a carrier and that of the carrier which
is one-symbol before that phase as to all the
carriers,
calculating phase errors from the output phase
differences,
detecting the dispersed state of the thus calcu-
lated phase errors,
judging tether or not the decoded signal is of
good quality from the detected dispersed state
of the phase errors, and
outputting the judgment result to an oscillator
control section.

9. A method of controlling the signal reception in a sig-
nal decoding device according to claim 8 character-
ized by:

detecting the dispersed state of the phase
errors calculated from the calculated phase dif-
ferences in a stepwise manner,
judging whether or not the decoded signal is of
good quality is judged from this detected step-
wise dispersed state of the phase errors in a
stepwise manner,
outputting the judgment result,
varying the control amount in a stepwise man-
ner in accordance with the judged stepwise sig-
nal qualities, and
varying the oscillation frequency of a local
oscillator from the varied control amount.

10. A method of controlling the signal reception in a sig-
nal decoding device according to claim 8 character-
ized by:

feeding the judgment result of the dispersed
state detected in a stepwise manner to an
audio control section, and
determining a muting amount in accordance
with the detection result of the stepwise dis-
persed state, so as to perform an audio control.

11. A method of controlling the signal reception in a sig-
nal decoding device according to claim 8 character-
ized by:

inputting the judgment result of the dispersed
state detected in a stepwise manner to an
audio control section, and

determining a control amount of high-pitch tone
in accordance with the detection result of the
stepwise dispersed state, so as to perform art
audio control.
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